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Name  of  Dam 
State  Located 
County  Located 
Stream 

Date  of  Inspection 


Butterfly  and  Rainbow  Lakes 

Missouri 

Ste.  Genevieve 

River  aux  Vases 

21  August  1978 


Butterfly  Lake  Dam  No.  Mo.  30501  and  Rainbow  Lake  Dam  No.  Mo. 
30641  were  inspected  using  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams."  These  guidelines  were  developed  by  the  Chief 
of  Engineers,  U.  S.  Army,  Washington,  D.  C.,  with  the  help  of 
Federal  and  state  agencies,  professional  engineering  organizations, 
and  private  engineers.  The  resulting  guidelines  are  considered  to 
represent  a  consensus  of  the  engineering  profession. 

Based  on  the  criteria  in  the  guidelines,  the  dams  are  in  the 
high  hazard  potential  classification,  which  means  that  loss  of  life 
and  appreciable  property  loss  could  occur  in  the  event  of  failure  of 
the  dams.  Four  houses  would  be  subjected  to  flooding  with  possible 
damage  and/or  destruction  and  possible  loss  of  life.  Butterfly  Dam 
is  in  the  intermediate  size  classification  since  it  is  greater  than 
40  feet  high.  Rainbow  Dam  is  in  the  small  size  classification 
because  it  is  greater  than  25  feet  high. 

Inspection  and  evaluation  indicate  that  the  outlet  facilities 
of  Butterfly  and  Rainbow  Lakes  do  not  meet  the  criteria  set  forth  in 
the  guidelines  for  dams  having  the  above  size  and  hazard  potential. 
Butterly  Dam  is  an  intermediate  size  dam  with  a  high  hazard 
potential  required  by  the  guidelines  to  pass  the  PMF.  It  was 
determined  that  the  outlet  facilities  will  pass  20  percent  of  the 
PMF  without  overtopping  the  dam.  Rainbow  Dam  is  a  small  size  dam 
with  a  high  hazard  potential  required  by  the  guidelines  to  pass  from 
one-half  PMF  to  the  PMF.  However,  considering  the  high  hazard 
potential  to  life  (four  families)  and  property  downstream  of  the 
dam,  the  outlet  facilities  should  be  able  to  pass  the  PMF  without 
overtopping  the  dam.  It  was  determined  that  the  outlet  facilities 
will  pass  15  percent  of  the  PMF  without  overtopping  the  dam. 

The  outlet  facilities  of  Butterfly  Dam  will  pass  the  100-year 
flood  without  overtopping  the  dam.  Rainbow  Dam  outlet  facilities 
will  not  pass  the  100-year  flood.  The  100-year  flood  is  defined  as 
a  flood  that  has  a  1  percent  chance  of  being  equalled  or  exceeded 
during  any  given  year.  ,  ,  .  ' 


\ 

Since  the  outlet  facilities  for  the  Butterfly  Lake  and  Rainbow 
Lake  Dama  are  not  capable  of  passing  a  minimum  of  one-half  (50 
percent)  of  the  PMF  without  overtopping  the  dam  and  causing  failure, 
the  outlet  facilities  are  considered  seriously  inadequate  and  the 
dams  are  accordingly  classified  unsafe,  non-emergency  structures. 

Other  deficiencies  visually  observed  by  the  inspection  team  ^ 
were  need  for  removal  of  brush  and  small  trees  on  the  dam  and 
spillway,  and  the  need  for  riprap  protection  at  the  dam/spillway 
interface  to  prevent  erosion  from  high  spillway  flows.  The  lack  of 
stability  and  seepage  analyses  on  record  is  a  deficiency  that  should 
be  corrected. 

It  is  recommended  that  the  owner  take  action  to  correct  or 
control  the  deficiencies  described. 


St.  Louis  District 
Corps  of  Engineers 


CdiStL  £L 

CHIEN  H.  HSIEH 
Hydraulic  Engineer 
St.  Louis  District 
Corps  of  Engineers 
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PHASE  I  INSPECTION  REPORT 
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BUTTERFLY  LAKE  DAM  -  ID  NO.  30501 
RAINBOW  LAKE  DAM  -  ID  NO.  30641 


SECTION  1  -  PROJECT  INFORMATION 

1 . 1  GENERAL 

a.  Authority.  The  National  Dam  Inspection  Act,  Public  Law 
92-367,  authorized  the  Secretary  of  the  Army,  through  the  Corps  of 
Engineers,  to  initiate  a  program  of  safety  inspection  of  dams 
throughout  the  United  States.  Pursuant  to  the  above,  the  St.  Louis 
District,  Corps  of  Engineers,  District  Engineer  directed  that  a 
safety  inspection  of  the  Butterfly  Lake  Dam  and  Rainbow  Lake  Dam  be 
made. 

b.  Purpose  of  Inspection.  The  purpose  of  the  inspection  was 
to  make  an  assessment  of  the  general  condition  of  the  dam  with 
respect  to  safety,  based  upon  available  data  and  visual  inspection, 
in  order  to  determine  if  the  dam  poses  hazards  to  human  life  or 
property. 

c.  Evaluation  Criteria.  Criteria  used  to  evaluate  the  dam 
were  furnished  by  the  Department  of  the  Army,  Office  of  the  Chief  of 
Engineers,  in  "Recommended  Guidelines  for  Safety  Inspection  of 
Dams."  These  guidelines  were  developed  with  the  help  of  several 
Federal  agencies  and  many  state  agencies,  professional  engineering 
organizations,  and  private  engineers. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances.  Butterfly  and 
Rainbow  Lakes  are  earth  dams  which  provide  recreational  lakes  for  a 
girl  scout  camp.  Butterfly  Lake  is  the  upstream-most  of  a  series  of 
three  lakes;  Rainbow  Lake  is  in  the  middle.  A  third  lake,  Lake 
Kal-Tatri,  immediately  downstream  of  Rainbow,  has  a  separate  owner 
and  was  not  part  of  this  inspection.  Butterfly  Lake  has  a  spillway 
consisting  of  six  24-inch  corrugated  metal  pipes  with  concrete 
headwalls  at  the  left  abutment  and  an  auxiliary  spillway  under 
construction  along  a  westward  extension  of  the  dam  axis.  Rainbow 
Lake  has  a  spillway  consisting  of  four  50-inch  x  31-inch  corrugated 
metal  pipe  arches  with  concrete  headwalls  at  the  right  abutment. 

b.  Location.  Section  27  and  34,  Township  36  North,  Range  7 

East. 

c.  Size  Classification.  Intermediate  for  Butterfly  Lake  Dam 
and  small  for  Rainbow  Lake  Dam. 


d.  Hazard  Classification.  High. 

e.  Ownership.  River  Bliffs  Girl  Scout  Council,  Glen  Carbon, 
Illinois . 

NOTE:  The  property  line  reportedly  passes  through  Rainbow  Dam, 
placing  the  downstream  slope  on  the  property  of  Mr.  Kalicak,  owner 
of  the  other  lake  downstream. 

f.  Purpose  of  Dam.  Recreation  -  Resort  Area. 

g.  Design  and  Construction  History.  The  dams  were  built  in 
the  mid-1960's  (Butterfly,  1962;  Rainbow,  1964)  by  Mr.  Kalicak,  a 
contractor  and  owner  of  the  downstream  lake  (Kal-Tatri  MO.  31039). 
The  dams  were  acquired  by  the  Girl  Scouts  in  approximately  1967.  No 
preconstruction  design  information  or  detailed  construction  data  is 
known  to  exist.  However,  significant  remedial  work  was  done  to 
Butterfly  Lake  in  1973  by  Ballman  Construction  Company.  M.  B. 

Corlew  &  Associates,  Edwardsville,  Illinois,  performed  the  design 
and  engineering  support  for  the  repairs.  Repairs  included 
restoration  of  an  eroded  area,  installation  of  drains,  filling  of 
cracks,  spillway  repairs,  and  installation  of  pore  pressure  and 
movement  instrumentation.  See  Appendix  B  to  this  report  for  a 
drawing  of  these  repairs.  Accompanying  engineering  reports  are  on 
record. 


h.  Normal  Operating  Procedure.  No  operating  records  exist. 
At  both  (2)  dams,  outflow  passes  through  ungated  culverts. 

1 . 3  PERTINENT  DATA 

a.  Combined  Drainage  and  Lake  Surface  Area. 

1.83  square  miles  (Butterfly) 

0.89  square  miles  (between  Butterfly  and  Rainbow) 

2.72  square  miles  (upstream  of  Rainbow) 

b.  Discharge  at  Damsite. 

(1)  Estimated  ungated  emergency  spillway  capacity  at  maximum 
pool  elevation. 

1770  cfs  (Butterfly) 

1180  cfs  (Rainbow) 

(2)  Estimated  culvert  spillway  capacity  at  maximum  pool 
elevation. 


205  cfs  (Butterfly) 
405  cfs  (Rainbow) 


(3)  Estimated  experienced  maximum  flood  at  damsite  -  Unknown. 

c.  Elevation  (Feet  Above  M.S.L.).  (Reference  to  benchmark 
used  by  consulting  engineer;  802.0  flow  line  of  second  culvert  at 
Butterfly  Dam.) 

(1)  Top  of  dam  (minimum  elevation  of  earth  embankment). 

808.0  (Butterfly) 

771.4  (Rainbow) 

(2)  Spillway  crest. 

803.5  (Butterfly) 

767.7  (Rainbow) 

(3)  Upstream  Outlet  Invert. 

802.15  (Butterfly) 

765.56  (Rainbow) 

(4)  Downstream  Outlet  Invert. 

801.71  (Butterfly) 

765.26  (Rainbow) 

(5)  Maximum  tailwater  -  Unknown. 

(6)  Streambed  at  centerline  of  dam  -  estimated. 

740  (Butterfly) 

735  (Rainbow) 

d.  Reservoir.  Length  of  maximum  pool. 

5200  feet  (Butterfly) 

1200  feet  (Rainbow) 

e.  Storage  (Acre-feet).  Top  of  Dam  Estimated. 

1030  (Butterfly) 

460  (Rainbow) 

f .  Reservoir  Surface  (Acres). 

(1)  Top  of  dam. 

75  acres  (Butterfly) 

45  acres  (Rainbow) 
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(2)  Spillway  crest. 

65  acres  (Butterfly) 

35  acres  (Rainbow) 

g.  Dam. 

(1 )  Butterfly  Dam. 

Type  -  Earthfill. 

Length  -  1100  feet. 

Height  -  41  +  feet  above  Rainbow  Lake  water  surface. 

Top  width  -  22  feet. 

Side  Slopes  -  1  V  on  3  H. 

Zoning  -  Unknown. 

Impervious  Core  -  Unknown. 

Cutoff  -  Unknown;  concrete  wall  5  feet  high  by  8  inches 
wide  for  entire  length  of  dam,  per  Mr.  Kalicak,  original  owner  and 
builder. 

Grout  curtain  -  Unknown. 

(2)  Rainbow  Dam. 

Type  -  Earthfill 
Length  -  900  feet 
Height  -  30.5  +  feet 
Top  width  -  16  feet. 

Side  Slopes  -  1  V  on  2.5  H. 

Zoning  -  Unknown. 

Impervious  Core  -  Unknown. 

Cutoff  -  Unknown;  none  according  to  Mr.  Kalicak,  original 
owner  and  builder. 


Grout  curtain  -  Unknown 


h.  Outlet  Works. 

Types. 

6-24-inch  cmp  (Butterfly) 

4-50-  x  31-inch  cmp  (Rainbow) 

i.  Emergency  Spillway.  See  Section  5,  paragraphs  5.1c(3)  and 
5.1c(4)  for  a  description  of  each  spillway. 


SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

No  design  drawings  or  data  are  known  to  exist  for  the  original 
construction  of  Butterfly  Dam  or  Rainbow  Dam.  However,  major 
repairs  to  Butterfly  Dam  were  designed  by  M.  B.  Corlew  &  Associates 
in  1973  after  a  stability  analysis  of  the  then-existing  conditions 
in  a  slide  area.  Pertinent  design  data  are  included  in  Appendix  B. 

No  detailed  stability  analyses  or  seepage  analyses  of  the  existing 
dam  are  on  record. 

2.2  CONSTRUCTION 

The  two  dams  were  reportedly  constructed  by  the  previous  owner, 
Mr.  Kalicak,  a  contractor.  No  detailed  information  was  found  to  be 
available.  However,  Mr.  Kalicak,  the  original  owner  and  builder, 
stated  that  the  dams  were  constructed  using  borrow  material  from  the 
lake  area,  placed  in  less  than  12-inch  lifts  and  compacted  with 
sheepsfoot  roller.  The  dams  are  founded  on  rock.  Mr.  Kalicak 
stated  that  Butterfly  Lake  has  a  5-foot  high  by  8-inch  wide  concrete 
cutoff  wall  the  entire  length  of  the  dam. 

2.3  OPERATION 
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The  Girl  Scout  Council  maintains  a  file  of  pertinent 
information  regarding  repair,  major  maintenance,  engineer's  reports, 
etc.  The  owner  has  periodically  engaged  the  engineer  to  read 
piezometers  and  evaluate  the  dam. 

2.4  EVALUATION 

a.  Availability.  Pertinent  information  is  maintained  by  the 
owner  and  the  engineer  and  was  made  available  to  the  inspection  team. 

b.  Adequacy.  The  background  data  and  analyses  furnished  by 
the  owner  and  engineer  and  the  field  surveys  and  visual  inspections 
presented  herein  are  considered  adequate  to  support  the  conclusions 
of  this  report.  Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  guidelines  are  not  on  record.  This  is  a 
deficiency  which  should  be  rectified. 

c.  Validity.  The  design  of  repairs  to  the  Butterfly  Dam  is 
considered  to  have  been  performed  in  accordance  with  good 
engineering  practice. 


SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General.  Four  representatives  of  the  Girl  Scout  Council 
accompanied  the  inspection  team.  The  downstream  slope  of  Rainbow 
Lake  was  reported  to  be  off  the  Girl  Scout  property,  but  was 
inspected  by  the  team.  A  third,  smaller  lake,  is  located 
immediately  downstream  but  is  owned  by  Mr.  Kalicak,  the  previous 
owner  of  the  Girl  Scout  property,  and  was  inspected  at  a  later  date 
and  is  discussed  in  a  separate  report. 

b.  Project  Geology.  Thin  residual  soils  cover  bedrock  of 
Cambrian  age  in  the  vicinity  of  the  lakes.  Spillway  outlet  channels 
of  both  dams  are  cut  in  fine  to  medium-grained  brown  sandstone.  The 
right  downstream  abutment  of  Butterfly  Dam  is  formed  against  a 
near-vertical  rock  bluff. 

c.  Dams.  No  detrimental  settlement,  cracks,  active  slides  or 
sinkholes  were  observed  in  or  near  the  embankment.  Embankment 
cross-sections  near  the  maximum  height  section  for  each  dam  are 
shown  on  PLATES  3  and  4.  These  slopes  are  typical  of  the  overall 
embankments.  An  old,  healed  slide  is  present  on  the  downstream  face 
of  Butterfly  Dam  at  the  location  of  the  surveyed  section.  The 
owner's  engineer  has  installed  6  piezometers  in  this  section  and  a 
row  of  horizontally  alined  metal  posts  along  the  mid-slope  to 
monitor  movement. 

A  small  seep  with  an  area  of  cattails  about  5  feet  square 
was  noted  along  the  right  downstream  abutment  of  Butterfly  Dam. 

This  seep  may  be  a  natural  spring  from  the  adjacent  rock  bluff  which 
was  blocked  by  the  embankment.  Embankment  seepage  at  Butterfly  Dam 
was  corrected  in  1973  by  installation  of  a  drainage  system  on  the 
west  side.  The  drainage  system  outlet  was  found  to  be  in  good 
condition  and  not  flowing.  A  trace  of  silt  was  present  in  the 
bottom  of  the  pipe.  No  seepage  was  observed  on  Rainbow  Dam. 

At  both  Butterfly  and  Rainbow  dams,  the  next  lake 
downstream  is  near  or  at  the  dam  toe;  however,  the  lower  pools  do 
not  submerge  the  embankment  since  bedrock  foundation  generally 
outcrops  at  this  same  location. 

Some  minor  erosion  was  noted  on  both  dams.  A  major 
erosion  problem  on  the  right  abutment  of  Butterfly  Dam  was  corrected 
in  1973  by  adding  fill  and  diverting  road  drainage  to  a  new  storm 
drain  along  the  embankment  face. 


Both  embankments  had  scattered  light  brush  on  the 
downstream  face  in  addition  to  the  desired  turf.  If  left 
uncontrolled,  such  growth  could  eventually  include  trees  and  be  a 
potential  seepage  hazard.  The  upstream  faces  had  generally  heavier 
brush  and  a  few  small  trees.  The  crown  of  Rainbow  Dam  had  tall 
grass  and  the  slopes  evidenced  less  maintenance  than  Butterfly  Dam. 
The  lack  of  maintenance  may  be  related  to  the  dual  ownership  of  the 
dam  discussed  in  Section  1. 

Based  on  surface  observation,  the  dams  are  composed  of 
brown,  sandy  clays  from  residual  soils  in  the  immediate  vicinity. 
Small  rocks  are  also  present. 

Small  riprap,  less  than  12  inches,  and  generally  below  6 
inches  in  diameter,  is  present  over  much  of  the  upstream  slopes,  but 
does  not  provide  complete,  uniform  coverage.  No  significant  wave 
erosion  was  observed;  both  lakes  are  short  and  protected  against 
winds  by  surrounding  hilly  topography. 

d.  Appurtenant  Structures.  Butterfly  Dam  has  a  spillway  in 
the  left  abutment  consisting  of  six  24-inch  corrugated  metal  pipes 
with  a  concrete  headwall  at  either  end.  During  the  1973  repairs,  a 
void  beneath  the  spillway  was  filled  with  concrete  and  a  short 
downstream  apron  was  added.  The  outlet  channel  is  cut  in  brown 
sandstone.  A  number  of  small  trees  are  gowing  up  in  the  outlet 
channel.  The  outlet  channel  is  adjacent  to  the  embankment  and  large 
flows  could  threaten  erosion  of  the  embankment  materials.  A  flow 
less  than  1  cubic  foot  per  second  was  occurring  at  the  time  of  the 
inspection. 


An  emergency  spillway  is  being  constructed  by  cutting 
through  and  lowering  a  road  along  the  western  extension  of  the  dam 
axis . 


Rainbow  Lake  has  a  spillway  in  the  right  abutment 
consisting  of  four  50-  by  31 -inch  corrugated-metal  pipe  arches  with 
concrete  headwalls.  The  outflow  passes  over  a  recently-constructed 
short  concrete  apron  and  into  an  outlet  channel  of  brown  sandstone. 
Similar  to  Butterfly  Dam  above,  large  spillway  flows  could  threaten 
embankment  erosion.  Trees  and  dense  brush  are  present  in  the 
spillway  approach  channel  and  restrict  its  usefulness. 

e.  Reservoir  Areas.  No  pertinent  problems  were  noted. 

f.  Downstream  Channel.  Both  dams  have  another  lake 
immediately  downstream  of  the  rock  cut  outlet  channels  discussed 
above. 


3.2  EVALUATION. 


Several  items  are  deficient  which  should  be  corrected.  Brush 
and  small  trees  on  the  downstream  slope  need  to  be  removed  on  both 
dams.  Riprap  or  other  erosion  protection  at  spillway /embankment 
interface  is  needed.  Maintenance  on  downstream  slope  of  Rainbow  Dam 
needs  to  be  increased. 


SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

Operational  procedures  are  nonexistent  since  the  dams  have 
uncontrolled  spillways. 

4.2  MAINTENANCE  OF  DAM 

An  effort  at  maintenance  is  evident  by  the  magnitude  of  past 
repairs,  absence  of  large  trees  or  erosion,  etc.  As  previously 
discussed,  maintenance  at  Rainbow  Dam  is  somewhat  poorer  than  at 
Butterfly  Dam.  With  mowing  and  removal  of  brush  on  embankments  and 
in  spillways,  maintenance  would  be  considered  good. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 
Not  applicable. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 
No  warning  system  is  known  to  exist. 

4.5  EVALUATION 

Additional  maintenance  in  the  form  of  mowing  and  clearing  brush 
from  the  embankments  and  spillways  is  recommended.  However,  it  was 
evident  that  the  owners  have  an  obvious  interest  in  maintaining  the 
integrity  of  the  dams,  as  evidenced  by  their  accomplishing  major 
repairs  of  Butterfly  Lake  Dam  and  monitoring  the  structure  under  the 
direction  of  an  engineer. 


SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  A  design  drawing  prepared  for  a  repair 
contract  on  Butterfly  Lake  Dam  was  provided  by  the  owner.  This 
sheet  was  a  contour  map  of  Butterfly  Dam  at  a  contour  interval  of  1 
foot  prepared  by  M.  B.  Corlew  &  Associates,  Inc.  No  original  design 
data  are  available  for  Rainbow  Lake  Dam. 

b.  Experience  Data.  The  drainage  area  and  lake  surface  area 
were  developed  from  USGS  Sprott  and  South  West  Weingarten,  Missouri 
7-1/2  Minute  Quadrangle  Maps.  The  spillway  and  outlet  data  were 
surveyed  during  the  inspection. 

c.  Visual  Observations. 

(1)  No  drawdown  facilities  are  available  to  evacuate  the  pool 
of  either  Butterfly  or  Rainbow  Lakes. 

(2)  Low  Level  Outlets. 

(a)  The  outlet  works  for  Butterfly  Lake  consists  of  six 
24-inch  corrugated  metal  pipes  located  at  the  left  end  of  the  dam 
embankment.  The  inlet  invert  elevation  is  at  802.15  feet.  The 
outlet  invert  is  at  801.71  feet.  The  tailwater  flows  through  a 
steep  channel  cut  through  rock  in  the  left  abutment  of  the  dam.  The 
inlet  and  outlet  of  the  culvert  spillway  are  protected  by  concrete 
head-and-wing  walls.  Some  erosion  was  noted  at  the  right  hand 
downstream  wing  wall.  The  owner's  representative  stated  an 
intention  to  provide  future  protection.  (See  photographs  7  and  8.) 

b.  The  outlet  works  for  Rainbow  Lake  consisted  of  four 
corrugated  metal  arches  with  a  span  of  50  inches  and  a  rise  of  31 
inches,  located  at  the  right  side  of  the  dam  embankment.  The  inlet 
invert  elevation  is  765.56  feet.  The  outlet  invert  elevation  is 
765.26  feet.  The  tailwater  flows  through  a  steep  channel  cut  in  the 
rock  of  the  right  abutment  of  the  dam.  The  entrance  and  outlet  have 
concrete  head-and-wing  walls.  (See  photographs  16  and  17.) 

(3)  Butterfly  Lake's  emergency  spillway  is  located  on  the 
extreme  left  abutment.  The  spillway  consists  of  a  low  natural 
saddle.  The  owner  has  partially  degraded  a  previously  placed  road 
fill  in  the  spillway  area.  Rock  is  still  visible  throughout  the 
spillway  area.  See  the  profile  of  the  dam.  (See  photographs  9  and 
18.)  Flow  over  the  spillway  will  exit  down  a  small  valley  that 
empties  into  Rainbow  Lake.  The  spillway  is  judged  to  be 
sufficiently  stable  to  pass  overflows  below  the  minimum  elevation  of 
the  earth  embankment. 
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(4)  Rainbow  Lake's  spillway  located  in  the  right  abutment, 
adjoining  the  low  head  outlets,  had  small  trees  growing  along  the 
upstream  side  of  it.  Spillway  consisted  of  a  low  section  of  the  dam 
with  a  concrete  slab  as  part  of  it.  The  concrete  slab  is  arched  on 
the  ends.  (See  photographs  12  and  18.)  See  the  location  of  the 
spillway  on  PLATE  4.  The  spillway  area  that  was  not  covered  with 
concrete  was  generally  rock.  As  discussed  in  Section  3,  large 
spillway  flows  could  induce  erosion  of  the  adjacent  embankment. 

d.  Overtopping  Potential. 

(1)  Butterfly  Lake  Dam  will  be  overtopped  by  any  flood  greater 
than  20  percent  of  the  Probable  Maximum  Flood  (PMF).  The  probable 
maximum  flood  is  defined  as  the  flood  discharge  that  may  be  expected 
from  the  most  severe  combination  of  critical  meteorologic  and 
hydrologic  conditions  that  are  reasonably  possible  in  the  region. 

The  spillway  section  and  culverts  will  pass  the  1  percent  frequency 
flood  without  overtopping  the  dam.  Routing  the  PMF  through  the 
reservoir  reveals  that  the  dam  would  be  overtopped  for  approximately 
5.6  hours;  depth  of  overtopping  would  be  approximately  3.1  feet  and 
the  maximum  discharge  approximately  15,900  cfs.  A  1  percent 
frequency  flood  is  a  flood  with  a  1  percent  chance  of  being  exceeded 
in  any  given  year. 

(2)  Rainbow  Lake  Dam  will  be  overtopped  by  any  flood  greater 
than  15  percent  of  the  Probable  Maximum  Flood.  Routing  the  PMF 
through  the  reservoir  reveals  that  the  dam  would  be  overtopped  for 
appxoximately  7.4  hours;  depth  of  overtopping  would  be  approximately 
4.1  feet  and  the  maximum  discharge  approximately  23,300  cfs. 

Rainbow  Lake  will  not  pass  the  1  percent  frequency  flood  without 
overtopping. 

(3)  Since  the  outlet  facilities  for  Butterfly  Lake  and  Rainbow 
Lake  Dams  will  not  pass  one-half  (50  percent)  of  the  PMF  without 
overtopping  the  dam  and  causing  failure,  the  outlet  facilities  are 
considered  seriously  inadequate. 
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SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations.  Visual  observations  of  the  dams  and 
spillways  are  discussed  and  evaluated  in  Sections  3  and  5. 

b.  Design  and  Construction  Data.  These  data  are  discussed  in 
Section  2.  While  original  data  on  the  two  dams  are  not  known  to  be 
available,  substantial  data  are  available  for  the  remedial  work  done 
in  1973  to  Butterfly  Dam.  Pertinent  data  are  included  in  the 
appendix.  Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  guidelines  are  not  on  record.  This  is  a 
deficiency  which  should  be  rectified. 

c.  Operating  Records.  See  paragrph  2.3. 

d.  Post-Construction  Changes.  Major  rehabilitation  of 
Butterfly  Dam  was  accomplished  in  1973.  The  work  included 
restoration  of  an  eroded  area,  installation  of  embankment  drains  to 
control  seepage,  filling  of  cracks,  spillway  repairs,  and 
installation  of  pore  pressure  and  movement  instrumentation. 

e.  Seismic  Stability.  Both  dams  are  located  in  Seizmic  Zone 
2,  to  which  the  recommended  guidelines  assign  a  "moderate"  damage 
probability.  The  relatively  low  dam  heights  and  clayev  embankment 
materials  minimize  the  likelihood  of  dam  failure  due  to  earthquake. 


SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety.  Based  on  visual  inspection  and  review  of 
available  data,  the  dams  appear  to  be  stable  and  in  generally  good 
condition.  Brush  on  embankments  constitutes  a  potential  seepage 
hazard  and  provides  animal  habitat.  The  spillway  on  Butterfly  Dam 
is  inadequate  to  pass  the  Probable  Maximum  Flood  (PMF)  without 
overtopping  the  dam.  The  spillway  on  Rainbow  Dam  is  inadequate  to 
pass  the  Probable  Maximum  Flood  without  overtopping  the  dam. 

b.  Adequacy  of  Information.  The  statements  and  records 
herein  are  based  on  visual  data  and  information  furnished  by  the 
owner  and  the  owner's  engineer.  Butterfly  Dam  has  been  repaired 
based  on  recommendations  by  the  engineer  and  has  been  provided 
instrumentation  for  monitoring. 

Stability  and  seepage  analyses  comparable  to  the 
requirements  of  the  guidelines  (except  for  the  previous  condition  of 
Butterfly  Dam)  are  not  on  record.  This  is  a  deficiency  which  should 
be  rectified. 

c.  Urgency.  It  is  recommended  that  the  remedial  measures 
listed  in  Section  7.2  be  accomplished  in  the  near  future.  The  item 
recommended  in  paragraph  7.2c  should  be  pursued  on  a  high-priority 
basis. 


d.  Necessity  for  Phase  II.  No  Phase  II  inspection  is 
recommended.  Action  should  begin  on  the  remedial  actions  discussed 
in  this  report. 

7.2  REMEDIAL  MEASURES 

The  following  remedial  measures  are  recommended: 

a.  Remove  brush  and  mow  embankments  and  the  crown  of  Rainbow 
Dam.  Fill  any  holes  or  burrows  found. 

b.  Continue  the  present  program  of  monitoring  on  Butterfly 
Dam  and  periodic  evaluation  of  both  dams  by  an  engineer.  The  owner 
(River  Bluffs  Girl  Scout  Council)  is  commended  for  their  interest  in 
insuring  the  safety  of  their  structures  by  periodic  engineering 
evaluation. 

c.  Spillway  capacity  and/or  height  of  each  dam  should  be 
increased  to  pass  the  PMF  (Butterfly,  100  percent  PMF,  Rainbow  100 
percent  PMF)  without  overtopping  the  dam. 


d. 


Operation  and  Maintenance  Procedures. 


(1)  Removal  of  the  trees  from  the  entrance  of  Rainbow  Lake 
spillway  would  increase  the  capacity  of  the  spillway  as  an  interim 
measure. 

(2)  Placement  of  riprap  or  other  protection  on  the  banks  at 
the  ends  of  the  wing  walls  on  the  tailwater  side  at  both  dams.  This 
will  minimize  the  hazard  of  embankment  erosion. 

(3)  Complete  removal  of  the  earthfill  from  Butterfly  Lake's 
emergency  spillway  which  will  increase  its  capacity  as  an  interim 
measure. 

(4)  Seepage  and  stability  analyses  should  be  performed  by  a 
professional  engineer  experienced  in  the  design  and  construction  of 
dams. 


PLATE  4 


PHOTO  15 


Rainbow  Dam  -  Upstream  Slope 


PHOTO  16 


Rainbow  Dam  -  Upstream  Side 
of  Outlet 


Rainbow  Dam  -  Downstream  Side 
of  Outlet 


HYDROLOGIC  AND  HYDRAULIC  ANALYSIS  METHODOLOGY 


1.  The  hydrologic  analysis  used  in  development  of  the  overtopping 
potential  is  based  on  applying  a  hypothetical  storm  to  a  unit 
hydrograph  to  obtain  the  inflow  hydrograph  for  a  reservoir  routing. 
The  Probable  Maximum  Precipitation  is  derived  and  determined  from 
regional  charts  prepared  by  the  National  Weather  Service  in 
"Hydrometeorological  Report  No.  33."  Reduction  factors  have  not 
been  applied.  A  24-hour  storm  duration  is  assumed  with  the  total 
rainfall  depth  distributed  over  6-hour  periods  in  accordance  with 
procedures  outlined  in  EM  1110-2-1411  (SPF  Determination).  The 
maximum  6-hour  rainfall  period  is  then  distributed  to  hourly 
increments  by  the  same  criteria.  Within-the-hour  distribution  is 
based  upon  NOAA  Technical  Memorandum  NWS  HYDRO-35.  The  non-peak 
6-hour  rainfall  periods  are  distributed  uniformly.  All  distributed 
values  are  arranged  in  a  critical  sequence  by  the  SPF  criteria.  The 
final  inflow  hydrograph  is  produced  by  deduction  of  infiltration 
losses  appropriate  to  the  soil,  land  use,  and  antecedent  moisture 
conditions. 

2.  The  reservoir  routing  is  accomplished  by  using  Modified  Puls 
routing  techniques  wherein  the  flood  hydrograph  is  routed  through 
lake  storage.  Hydraulic  capacities  of  the  outlet  works,  spillway, 
and  crest  of  dam  are  used  as  outlet  controls  in  the  routing. 

Storage  in  the  pool  area  is  defined  by  an  elevation-storage  capacity 
curve.  The  hydraulic  capacity  of  the  outlet  works,  spillway,  and 
top  of  dam  are  defined  by  elevation-discharge  curves. 

3.  Dam  overtopping  analysis  has  been  conducted  by  hydrologic 
methods  for  this  dam  and  lake.  This  computation  determines  the 
percentage  of  the  PMF  hydrograph  that  the  reservoir  can  contain 
without  the  dam  being  overtopped.  An  output  summary  in  the 
hydrologic  appendix  displays  this  information  as  well  as  other 
characteristics  of  the  simulated  dam  overtopping. 

4.  The  above  methodology  has  been  accomplished  for  this  report 
using  the  systemized  computer  program  HEC-1  (Dam  Safety  Version), 
July  1978,  prepared  by  the  Hydrologic  Engineering  Center,  U.S.  Army 
Corps  of  Engineers,  Davis,  California.  The  numeric  parameters 
estimated  for  this  site  are  listed  in  the  attached  computer 
printout.  Definitions  of  these  variables  are  contained  in  the 
"User's  Manual"  for  the  computer  program. 
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